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FOPEV ORI ORIGINAL PAGE IS

This report describes an 18 month study of deployable structures
for larje space platform systems., The study was conducted by the Vought
Corporation for the NASA George C. Marshall Space Flight Center. The wvork was
performed under contract NAS8-34678 in two parts. Part 1 spanned the period
29 October 1981 through 31 July 1982; Part 2 covered the period 9 August 1982
through § May 1983. The effort was monitored by Erich E. Engier, COR, and W.
E. Cobb, Co~COR of the Structures and Propulsion Laboratory, Dr. R. L. Cox of
Vought was Study Manager of the pregram, Mr. R, A, Nelson performed
conceptual and design studies and coordinated design effort, Mr, H., C. Allsup
conducted interface design studies and deployable volume integration studies.
Mr. G. M. Richards conducted design studies for the ground test article.
Messrs J. B. Rogers, R. W. Simon, J. J. Atkins and J. E. Hyden performed
structural analyses. Mr., C, A, Ford and P, Y. Shih conducted dynamic
analyses. Mr, P, D. Stalmach carried out thermal and deployability analyses.
Mr. J. A, Oren performed new technology and cost studies and Jirected thermal
analyses. Materials studies were conducted by Mr., G. Bourland and Mr, M. W,
Peed. Mr. G. L. Zummer performed studies for manufacturability., Mr, R, E.
McPartland provided electrical design support.

The authors wish to thank the contributors mentioned above for
their dedication and for the excellence of their support to this program. The
authors also wish to thank Messrs Engler and Cobb for their guidance and
support during this study, and Mr. J, J. Pacey of Vought for his valuable
consultation and assistance. Special thanks is due to Ms. D. M. Fethkenher
who provided secretarial, data management and publication services throughout

the program.
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1.0 INTRORUCTION AND SUMMARY

Studies of future wspace applications show an emerging nced for
multipurpose space platform systems, Prior work has focused on the
development of generic structural platforms and on point designs of systems
fer a few missions such as geostationary communications and sclentific
experiments. In order for the wuser community to realize the potentinl
benefits of large structures for early 1990's missions it is important now to
develop and demonstrate platform systems which offer both a high degree of
versatility and which effectively integrate requirements for wutilities,
subsystems, and payloads. In addition, future missions such as a Space
Station will require both pressurized and unpressurized volumes for crew
quarters, manned laboratories, inter-connecting tunnels, and maintenance
hangars. To minimize laurnch costs and enable use of volumes greater than
those whiech can be transported by the Space Suuttle Orbiter, it 1is also
desirable to evolve deployable volume concepts.

The current program was carried out in two parts. Part 1 involved
the review, generation, and trade of candidate deployable linear placform
system concepts with the scelection of one of these concepts for further design
and evaluacion during Part 2, and the generation and screening of candidate
concepts for deployable volumes. The objective of Part 1 of the program was
to provide deployable platiorm systems concept(s) sultable for development to
technology readiness by 1980. The systems concepts were based on trades of
alternate deployable/retractable structure concepts, lIntegration of utilities,
and interface approaches for docking and assembly of payloads and subsystems,
Further objectives were to identify materici selection impacts and to identify
special technology needs apparent in the concepts. The Part 1 objectives for
the deployahle volume studies involved generation of concepts for deployable
volumes which could be used as unpressurized or precsurized hangars, habitats
and interconnectinrg tunnels. Concept generation emphasized using flexible
materials and deployable truss structure technology. Promising concepts were
selected for subsequent study, their capabilities and limitations defined, and
expected problem areas, design drivers and technology development requirements
identified.

The ohjectives of Part 2 of the current program were to perform a
layout design of a ground test article based on the results of the concept

selection from Part 1. The design was to meet the specification for a prior
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NASA-MSFC ground test article simulating a Science and Applications Space
Platform (SASP) arm., Layout drawings were according to the Level 1 of
Specification DOD-D-1000B, The design was of aluminum structure, derived from
the Part 1 graphite/epoxy conceptual design of the selected Biaxial Double
Fold concept. Also included in the ground test article design were analytical
evaluations for both test «nd flight conditions., Deployable volume objectives
during Part 2 were to evolve the selected Part 1 truss/bladder concept for the
habitat and hangar modules. Included were selecting a specific truss concept
for the habitat and hangar, minimizing the requirements for EVA during
buildup, maintaining large deployed/stowed volume ratios, and conducting more
detailed evaluations of crew accommodations, design characteristics, and
Orbiter/Space Station compatibility. Additional objectives were to select and
characterize single concepts for the habitat and hangar, and to identify
special technology needs.

The elements of a deployable platform system are i1llustrated in
Figure 1, adapted from the Referemce 1 Definition Study of the Advanced

Science and Applications Space Platform (ASASP). The core element of the
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Ciizlilsr, pagk i3



il

¥y

CRUTINAL PAGE 13

OF FOOR QUALITY
depleyable platform system is its automatic deployable/retractable structure,
Some of the major dnterfaces are the spacecraft utilities, where full
integration with the structure is desired, subsystems and payloads, docking,
assembly, EVA, and various joints and attachments, All aspects of the
interfaces are {mportant influences to the deployable platform system design,
including physical characteristics, imposed loads, dynamic interactions
between the structure and attitude control subsystems, thermal distortion,
payload stability requirements and deployment/assembly operations. Figure 2,
from the Reference 2 Science and Applications Manned Space Platform (SAMSP),
shows a typical Space Station concept and indicates three potential deployable
volumes: an Orbital Transfer Vehicle (0TV) maintenance hangar, manned

habitat/experiment module, and 2n interconnecting tunnel.
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The study approach and work flow diagram for both Parts 1 and 2
are shown in Figure 3. Part 1 of the effort will be reviewed below in summary
fashion. ‘wference 3 presents a comprehensive discussion of Part 1 results.
The remainder of this report will concentrate on a detail presentation of Part

2 results. o
orTrr e . D
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FIGURE 3
WORK FLOW
1.1 REVIEW OF PART 1 RESULTS

Results of Part 1 are summarized under two headings, Deployable
Platforms and Deployable Volumes.
Deployable Platforms

The platform concepts are based on generic system requirements and

selection critieria consistent with three focus missions:

Advanced Scilence and Applications Platform (ASASP)

Geostationary Communications Platform (GSP)

Solar Power Satellite Test Article II (SPS TA II)
These focus missions are defined in References 1, 4, and 5, respectively, and
also in thelr prior supporting systems studies. In establishing generic
requirements, these mis;ions, as well as other activity on large space
platforms available in the literature, were consulted. The approach was to
identify available requirements from these documents, then develop other key

information not available in the documentation as required., Four of the major
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areas in which requirements were determined included stiffness of the
deployable truss structure, strength, utilities to be integrated into the
truss structure, and interfaces. A parametric evaluation of stiffness
requirements showed that beam bending stiffness values in the range 106 to
107 Nm2 are required for small beams with a truss width of about 0,5 m,
Stiffness requirements increase with beam size, reaching values 11 the range
108 to 10° m?
requirements for beams were also 1dentified parametrically, and range from

4
10 to 104 Nm for the smaller beams up to about 10° Mm for large beams.

for larger beams of 3 to 4 m widels, Strength

Utility integration requirements range from a utility cross—-sectional area of
approximately 5 cm2 for small trusses up to ahbwut 7C cm2 for truss widths
of 3 to 4 m,

Four generic types of interfaces were identified: truss—to-truss
interfaces, truss~to-module interfaces, docking/joining interfaces, and
truss-to-equipment/payload interfaces, Truss~to-truss interfaces involve
joining two sections directly without a docking adapter. Joints such as butt
joints, tee joints, lap joints, and c¢ross Joints  were fidentified;
Truss—-to-module interfaces join a deployable truss section directly to a rigid
section, such as a subsystem module, without a docking adapter.
Docking/joining interfaces include transition structure and interface hardware
such as a standardized docking adapter or a rotary joint. Finally,
truss—to-equipment/payload interfaces (including secondary structure where
required) join subsystem elements and payload items directly to the truss
structure.

Based on study objectives, generic mission requirements, and study
guidelines, the following deployable platform design objectives were
established: auto deploy/retract; fully integrated utilities; configuration
variability; versatile payload and subsystem interfaces; structural and
packaging efficiencies; 1986 technology readiness compatibility; wminimum
EVA/RMS; and Space Shuttle operational compatibility. To meet these
objectives five major issues were defined, alternatives considered, and the
design approach established.

The first major issue was truss folding. The alternatives
considered were single vs double fold. The approach adopted was double fold
because of the importance of volume ratio and packing efficiency. It was also

established that a truss configuration with a versatility tor either felding

e



capability would be preferable. The second major dssue was utilities
integration. The alternatives considered were fully integrated utilities with
the bundles either internal or external to the struts (but routed adjacent to
the struts), or partially integrated with reels or trays internal or external
to the truss lattice, The approach adopted was to design for fully integrated
utilities, However it was also desired to provide compatibility for
attachment of strap-on utilities for "tall pole"” missions. The third major
design 1issue was payload integration, The alternatives considered were
integration hy a payload interface module vs payload interface directly to the
truss. Because each of these alternatives have distinct advantages in certain
design situations, the approach was to accommodate both. The fourth major
tssue was that of subsystem integration. The alternatives considered were
integration by subsystem module vs integration directly onto the structure.
Again there are advantages to either, and the approach chosen was to
accommodate both alternatives. The fifth design issue was modularity, where
the alternatives were a fully modular structure consisting of standarized
building blocks vs a modular/scalable structure which had a standard scalable
design. The chosen approach was to design for the modular/scaleable structure
but not to preclude use as standard building blocks where this would be
beneficial.

Conduct of the deployable platform systems study was initiated
with the structural concept generation and evaluation effort. A large number
of potential deployable truss candidates were identified and judgementally
evaluated against Level "0" criteria and screened to eleven candidates,
pfeiured in Figure 4. A more detailed evaluation and screening procedure was
applied to the eleven. That resulted in a selection of four candidates, also
shown in Figure 4. These were the Biaxial Double Fold (BADF), the Double Fold
(DF), the Square Diamond Beam Truss (GDC), and the Box Truss (MMC), Each of
these package conpactly, offer good potential for automatic
deployment/retraction and utilities dintegration, and have promise of
versatility of application.

The next step of the deployable platform study was to conduct
design and analytical trades on the four surviving truss concepts. These
entailed design studies of utilities, subsystem and payload integration, and

branching/assembly interfaces for evaluation of versatflity for assembling

CRIGINAL PAGE IS
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FIGURE 4  HSTRUCTURAL CONCEPTS EVALUATED

deployed modules., Parametric, structural, and thermal analyses were perfocmed
to support the trades and a materials selection study was conducted with the
result that all structural sizing was carried out on a high wodulus
graphite/epoxy  composite (GY70/934), Cost trades, which {identificed
differences due to both fabricatios and Shuttle launch, were also conducted .
Based on the trade results cach of the four deployable truss concepts was
scored against 20 {ndividual criteria relating to five major categories;
platform capahility, deployability, versatility, integration, and
performance, Weighting factors were assigned and a final vrvanking was
determined, The Bilaxial Double Fold was clearly superior in each major
category and it was found that the choice was not vulnerable to the assignmeprt
of weighing factors. It was thus selected for further definition during Part 2.
An  overview of the characteristics and capabilities of the
selected BADF concept 1is given by Figures 5 through 12, The general
arrangement of a 3 meter square beam with utilities integrated inside the

struts is summarized in Figure 5. The sketch also illustrates the folding
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FEATURES OF SELECTED BADF STRUCTURE

scheme of the BADF.  The truss folds simultaneously in two directions by
telescoping the vertical struts and pivoting the bdulkhead and side diagonals.
All cells in the truss {old at the same time. This folding scheme minimizes
the number of Joints and the stowage volume, It results in a packaged height
equal to diagonal length,  Only two types of nodes are involved in the BADF
concept; "A" nodes to which all diagonal struts are attached, and "B" nodes.
Figure 5 also indicates the method used to energize the deployment and
retraction. Deployment 1s by a combination of energy stored in linear springs
located in the vertiecal struts and coil springs in bending located i the
longitudinals and the laterals at the A nodes. Tension on the cable system
provides the torce for retraction and also an opposing force for control
during deployment. A single reversible cable drive motor actuates the entire
deployable truss. The figure also indicates the utilities integration
approach, where a full complement of utilities for a large deployable platforn
such as the ASASP can bhe routed through the hollow Jongitudinal struts.

Addftional space is availlable for an equal quantity of add-on utilities
mounted external to the longitudinal struts should that be desirable for some
subsequent wmissions. YProvisions for wutilities and wechanical connectors,

which will bhe necessary for branching of truss sectdons amd payload
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interfaces, would be located on the sides or end of a truss section. Figures
6 and 7 are photographs of a model fabricated by Vought, approximately 1/10th
scale relative to a 3 m beam. The photographs show the model in its fully
retracted condition, followed by views in partial and full deployment. The
deployed dimensions of the model are 112 cm in length and 28 cm square. The
model is constructed of brass. The cable system for control and retraction is
made from nylon fishing cable for the model.

Figure 8 shows how the Biaxial Double Fold truss may be used as an

area platform. Illustrated is a square platform consisting of 10 rows and

e e e G e

columns of cells, with overall dimensions of 25.9 m x 25.9 m x 2.6m., The

3’ diameter of the struts for this {1llustration 1is 5 cm. The retracted
. dimensions are 1.3 m x 1.3 m x 3.6 m,
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BIAXIAL DOUBLE FOLD AS AN AREA PLATFORM

Figure 9 summarizes the utility integration and interface
concept. The representative utility bundles indicated were derived from ASASP
requirements and p:ovide some additional capabilities above that. The concept
_ for routing of utilities through nodes is illustrated by the B node design
; sketched in the figure. The bundle bend radius to diameter ratio shown is

about unity, which was the minimum value used in our design studies. This

value was found to be acceptable from our element tests for both bending
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BUNDLE U

REPRESENTATIVE UTIUTIES BUNODLES UTILIMIES INTERFACE AT B NODE WITH
TE INSIDE STRUTS OF Jm BRANCHING INTERFAK
(EXCHED ASASP

FIGURE 9
UTILITIES INTEGRATION CONCEPT FOR BADF

moment and cycle life considerations. The interface concept at a B node shows
how utilities are branched from the cpposite A node, routed through the
bulkhead lateral strut, and then passed under the utility in the B node
longitudinal to a floating connector fixed to the vertical strut, The
interface concept at the A node is similar, only branching is directly from
the A node rather than through a crossover from the opposite side of the truss.

Figure 10 shows the types of truss-to-truss and truss-to-module
interfaces possible. With the interface design described in conjunctiorn with
Figure 9, the truss joining is accomplished in two steps. First the truss
branches to be joined are maneuvered together using the RMS until capture and
hard lock 1is accomplished at four nodes by the mechanical node-to-node
Autolock Coupler. Second, an electrically powered ultility connector plate,
not shown, pulls together the connectors with the aid of alignment pins,
completing the mating operation. As indicated in Figure 10, various types of
square, oblique, and size-change interfaces are possibie without the addition
of separate interface structure. This results from the peculiar capability of
biaxially deploying trusses to intregrally deploy oblique or size-change

transition structure.
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FIGURE 10
MODULE DEPLOYraNT ASSEMBLY WITH BADF

Figure 11 {illustrates the capability of the BADF truss to be

directly deployed or assembled into a variety of shapes. For example, the

ASSEMBLED HEXAGON WITH OBLIQUE ASSEMBLED LADDER WITH
AND SQUARE BUTT JOINTS LAP JOINTS

FPULLY DEPLOYABLE ANTENNA PLATFOI'M
WITH DEPLOYABLE BRANCHES
AT INTERMEDIATE LOCATIONS

FIGURE 11

CONFIGURATION VARIABILITY OF BADF
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indicated fully deployable hoop folds into a diameter of about 1/20th of its
deployed diameter. This characteristic also makes the BADF a candidate for
deploying volume shapes. Another useful capability is its ability to be
deployed as a mast with intermediately situated payloads or deployable branch
arms preattached and deployed simultaneously.

Figure 12 {llustrates a mast experiment that can be flown in the
Space Shuttle using the BADF design. (illustrated on that figure are the
characteristics for a 50 cell, 100 m long redeployable mast packaged in the

B 8285 MABT CUARACTEMSTICS
. / @
| ORIGINAL PACE I8 g ﬁ,  NeoemovamE : .3.::"::.::'.'."'
OF POOR QUALITY Vi Mty s
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é;j / / = Bend Stittness - 3.8 x 10° Nem'
[ / ~ In Both Axes
A8 B B
( N4 J' ‘Y:E .:.::.w-uvumm
o - e ment
e A -cua:om-mu

i

wwi = Am STOWED IN CRADLE

CRADLE INTERFACE WITH SHUTTLE

FIGURE 12
BADF MAST EXPERIMENT

Space Shuttle. The packaging requirements are also indicated. One advantage
of the folding characteristics for the BADF are that it can be stowed in a 1 m
length in the Shuttle cargo bay. This short stowage dimension provides
advantage in the manifesting of a Shuttle flight.
The following conclusions are summarized from the Deployable
Platform Part 1 studies:
1. The deployable platform system with fully 1integrated
utilities and subsystem/payload interfaces is feasible.
2, The Biaxial Double Fold truss is the clear choice of four
leading candidates.
s 18 Automatic deployment and retraction in a self-contained

system can be achieved.
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4., The Biaxial Double Fold design provides typical storage ratios
of 172:1 for a 3 m truss with full utilities. Ratios as high
as 300:1 are possible with minimal utilicies.

5. Utilities integrated inside truss struts with interfaces for

branching are possible. Equal space for growth external to ]
struts also exists.
6. Small payloads/subsystems may be preattched locally to the

gRIGINAL PAGE I3 truss. Large items may interface through berthing hardware
¥ POOR QuaLiTy

which may be preattached. g

7. Truss-to-truss interfaces and integrally deployed transition ;
structure provide a wide variety of Dbuilding block ?
configurations,

Deployable Volumes

Several types of deployable volumes were considered in the concept
identification task. Table 1 summarizes the coacepts, their potentisl
applicability, indicates their principal characteristics and limitations, and
identifies those selected for evaluation., The most promising concept for
manned habitat and OTV hangar applications was found to be a deployable truss
approach with a bladder for pressure containment and an external
thermal/meteoroid blanket. Two flexible concepts were identified as offering
potential for tunnels: a convoluted design #nd an inflated cylindrical shell
design.

Figure 13 illustrates the recommended concept for the deplorable

habitat. It consists of a deployable truss structure to which a

PAVWEL
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CONP1GUSATION J0m MAX 2 PIECE

PRESSURE BLADDER
MOUNTS INSIDE

THERMAL/METEOROID
MULTILAYER BLANKET

DEPLOYABLE TAUNS CYLINDER

" \__RIGIC HATCHES CONNECT BLADDER
‘,/ AND TRUSS
— D = 10.8m (30m MAXj

a= 1.2m (4.5m MAX)

ROLLED BLADDER
INSIDE TRUSS
ROLLED BLANKET

TRUSS DEPLOY:FOLD RATIOS VARIATIONS TO CONSIDER:
LENSTH = l:1 MMC INTEGRAL PLEATED FOLDING OF
= 1:1.17 TO 1¢1.4 BADF BLADDER/BLANKET WITH MMC
O.b. « 7:1 TO 13:1 mMMC TRUSS (INCREASED FOLD/
= 8:1 TO 16:1 BADP ; SUPPORT DIFPICULTY)

SESFRRRNY - IR T R

WEIGHT ESTIMATE FOR 10.8m D x 15.3m L.
800 KG TRUSS & BLANKET
1400 KG BLADDER

ol el

FIGURE 13 RECOMMENDED CONCEPT FOR HABITAT
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thermal/meteoroid protection blanket is added on the outside and a pressure
bladder on the inside. This type of deployable volume is applicable to a
truss that i{s bidirectionally deployed, such as the BADF or the MMC Box
Truss. When the deployed volume {s folded it shrinks both in diameter and in
the thickness of the truss structure. The length of the egtowed Box Truss is
the same as its deployed length, while the BADF is 17X to 40X longer. ‘The
pressure bladder stows inside the folded structure. It is possible to cbtain
a 13:1 or 16:1 diameter ratio when deploying the truss structure for the MMC
or BADF, respectively. This enables a much larger Space Station module volume
to be used within the diameter ceonstraints of the Space Shuttle cargo bay than
would be possible with a rigid structure. The deployment and assembly
sequence first involves expansion of the stowed structure, then the bladder is
secured, and next the interconnecting hard structure <for the equipment
internal to the deployed volume is added. Following that, external subsystems
are installed through access doors in the thermal/meteoroid blanket. Internal
equipwent has to be added through the 2ntrance hatch ard, therefore, must be
of a size that can be inserted through the hatch, or it must be deployable.
Internal structure, such as decks, is assumed to be deployable structure and
would be deployed subsequent to insertion into the volume. It is possible to
simultaneously deploy the cylindrical section and the flat end part., It may
also be possible to preattach the bladder internal to the structure and deploy
the two simultaneously. Similarly, it may be possible to preattach the
thermal/meteoroid blanket on the outside of the structure.

In the deployable volume concept all the pressure loads from the
bladder are taken as hoop tension in the bladder itself., The truss structure
and associated hanrdware serve as the interface with Space Station structure,
as well as a mounting platform. Figure 14 shows the flexible straight tube
concept for the bladder as developed by Goodyear in Reference 6. The
photograph shows that the cylinder is collapsed in an axial direction similar
to that of the convoluted tube. However, it can also be folded and collapsed
in the diameter direction. For ithe habitat module and hangar concepts, it was
evaluated as a bladder with no load carrying requirements other than the
pressure load itself.

A utility integration concept compatible with the deployable truss

and bladder volumes is {llustrated in Figure 15. A subsystem can be placed
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inside the external truss or located anywhere on it and be protected by the
thermal /meteoroid blanket. Access is through the blanket flaps. Subsystems
are installed with the aid of the RMS or EVA after deployment of the truss.
The utilities paths are through the docking hatch directly to external
subsystems or through the docking hatch into the pressurized compartment.
Utilities from external subsystems interface equipment inside the pressurized
compartment through the structural/utility bladder penetration, also
indicated. A concept for hard point penetration of the bladder using a
bellows seal is shown, It would be possibie to evolve this concept to allow
utilities feed through. Figure 16 shows the deployable truss volume concept

rendered as an OTV hangar. In order to obtain the necessary length the

structure is deployed in two sections. As indicated in the figure, the two
sections are linked together similar to a clam shell, For a pressurized
hangar a pressure bladder with a seal at the door interface will be provided;
for a unpressurized hangar, no bladder is required. With a pressurized hangar
concept stowage of the bladder involves collapsing the seal frame into a
folded structure and rolling it inside the pressure bladder. This requires
insertion of the bladder into the volume after the volume has been deployed,
using EVA and the RMS. The OTV could be docked into the structure at one
end, Other docking concepts could be used such as a track or rail down the

side of the interior of the deployed volume.
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The flexible convoluted tube concept, indicated in Table 1, was
also recommended for further study. It also was based on a concept developed q
previously by Goodyear and has been demonstrated in scaled prototype form,
Volume ratios up ro 8:1 can be obtained with this flexible tunnel in actual
deployment. In order to provide loading carrying capability, it could be
provided with an external axially folding truss, which would also provide a
mounting for utility integration and support of a long life thermal/meteoroid
blenket.

Figure 17 summarizes the potential benefits of a deployable volume
concept to the NASA-MSFC Phase III Science and Applications Manned Space
Platform (SAMSP). 1In the original SAMSP concept five Shuttle launches are
required to place the four habitability/experiment modules and OTV hangar into
orbit. The figure shows that a greater volume of habitability/experiment
space plus an OTV hangar can be launched dry in one-half of one Shuttle flight
using deployable volumes. The equipment used to outfit the deployable
habitat /experiment module, packed at the same density as in the four baseline

rigid modules, can be transported in somewhat less than one and a half Shuttle

1 DEPLOYABLE OTV HANGAR

« 10.5m 0.D. x 22 m

« STOWS 258 CARGO BAY

« 3200 XG (7040 LB)
STRUCTURAL WEIGHT

PHASE 111 SAMSP

4 HABITAT & EXPERIMENT MODULES:
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. . m - . 1
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SUBS., EQP.

7 SHUTTLE FLIGHTS

aaclan

FIGURE 17 13

OR y A e
OF 'g’(’)‘m- PAGE |g DEPLOYABLE VOLUME LAUNCH BENEFITS
OR QuALITY
18




flights, thus the total requirement for the deployable modules is two Shuttle
flights compared to five for the equivalent baseline SAMSP modules. A systems
trade would be necessary to determine the overall advantage considering the
EVA/IVA operations necessary to outfit the dry deployable volumes with
equipment,

Conclusions from the Part 1 Deployable Volume study were that the
concept featuring a flexible pressure bladder and a deployable truss structure
leads to highly efficient candidates for habitat and hangar modules. Volume
ratios up to 200:1 appear feasible. A representative 10.8 m outside diameter,
670 n3 pressurized volume habitat weighs about 2200 kg including bladder,
truss, and thermal/meteoroid blanket. It requires approximately 25X of the
Shuttle cargo bay for delivery when delivered dry with major subsystems
equipment added after deployment. Only about 1-1/2 to 2 Shuttle flights are
required for delivery of both the hangar and habitat module and equipment.
The biaxially folded design with either the BADF or the MMC Box Truss are
leading candidates for the truss structure for deployable volumes.

A second major conclusion is that the flexible convoluted tube is
the leading candidate for a deployable transfer tunnel. It should be
considered with an added external truss structure to support utility
integration and long life thermal/meteoroid blankets, as well as to provide a
load carrying capability.

1.2 SUMMARY OF PART 2 RESULTS

Ground Test Article Design

Figure 18 is an isometric sketch illustrating the BADF ground test
article design features. This article was designed to the ASAP ground test
specifications used for designing the inhouse single f~ld deployable truss at
NASA-MSFC. The test article interfaces the existing NASA air bearing facility
for zero-g simulation, It also interfaces the existing base structure. The
overall length of the ground test article is about 14 m, There are 10 cells,
each about 1.4 m square. The material of construction was specified as
aluminum; our design used the 6061-T6 alloy. The drawing shows some of the
most significant features of the design. There are four payload stations,
each having utility interfaces for both fluid and electrical connections. Six
air bearing supports are provided. As indicated on the figure, the test
article is oriented on edge for deployment. Subsequent to deployment the test
article may be rotated to other positions to allow determination of

characteristics in various orientations. Calculations indicate the weight of
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the 6061-T6 aluminum structure is approximately 384 kg. Figure 19 shows the
stowed configuration and launch packaging for the BADF ground test article.

FIGURE 19
STOWED CONFIGURATION & LAUNCH PACKAGING BADF GROUND TEST DESIGN

The article occupies a length of about 0.5 m in the Shuttle cargo bay when
packaged with the support structure. The height of the stack of ton stowed
cells is about 2.1 m. The cross secction through one cell is shown to be
approximately 0.2 m x 0.3 m. While it may be unlikely the ground test article
constructed from aluminum would be flown in a flight experiment, similar
packaging would be obtained with a composite system, Versatility was also
provided in the design of the ground test article to allow neutral bouyancy
testing by change of the springs in the vertical struts and addition of
flotation chambers.

The ground test article design is also suitable for Orbiter flight
test experiments with modifications to 1increase stiffness at partial
deployment to accommodate potential Shuttle accelerations up (v 0.04 g. The
use of localized deployment motors on B nodes to shorten cable rns, beef-up
of diagonals, and fabrication of the structure from graphite/epoxy .would
reduce tip deflections at 70% of deployment by a factor of ten (to 25 cn):

Deplcyable Volumes

The deployable volume concept evolved during Part 2 for the
habitat module is illustrated in Figure 20. The large habitat illustrated in
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l N\ -~ DEPLOYED TRUSS:
\ / 832" 0.0. x 484" LONG.

FIGURE 20
HABITAT MODULE STOWED AND DEPLOYED CONFIGURAT IONS

(40,000 ft3) and is sufficiently large to  support

about 4.lm (13.5 ft.) and a length of about 15m (49.1 ft.)

wraping the truss structure with the thermal/meteoroid blank
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of the deployable volume concept. The module has a volume of about 1130 m
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the figure was chosen for Part 2 study because it illustrates the capabilities
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12 man
habitat /experiment operation in space. The overall dimensions of the deployed
truss structure are a cylinder approximately 13.5m (44.3 ft.) in diameter and
11.8m (38.7 ft.) in length. When stowed the truss folds into a diameter of

. This allows

et.

adequate clearance within the 4.57m dynamic envelope of the payload bay for
The total
length of the stowed habitat is about 16.2m (53 ft), leaving space for the
Orbiter docking module to be installed to provide both an EVA capability and a

i docking interfacé with the Space S5tation. One principal feature of the

configuration is a rigid core module. The core module is delivered to orbit

outfitted with essential equipment for crew support and start-up operations.

It also provides storage space for other structural elements to allow assembly

of the basic structure in the first Shuttle delivery flight, The core module

is pressurizable and has a removable aft cone with a 2m square loading hatch,

allowing transfer of modularized packaged equipment on subsequent deliveries.

Since these packaged articles can be delivered in a pressurized module, the

| buildup is almost entirely by shirtsleeve operation, and therefore minimizes




use of EVA., The modularzation of equipment packaging minimizes installation
tasks. The core module also provides a rigid structure for interfacing the
Shuttle cargo bay during delivery and for providing a rigid backbone for the
deployed volume. The surrounding main volume area is an inflatable pressure
bladder, similar to the Part 1 concept except that the bladder is a
cylindrical aunulus rather than a hollow cylinder, The four decks provide for
three levels in the large volume for crew accormodation and mounting of
equipment., Four docking hatches are located around the periphery of the
deployed volume, and allow interface with experirent modules and with the
Shuttle for docking and resupply.

Figure 21 further illustrates buildup characteristics of the
deployable habitat module where a pressurized cargo module is shown docked to
the aft loading port of the core module. The modularized equipment, transfer
pathways, and hatch opening sizes for transfer of equipment in a minimal
amount of time are also indicated. The design has been evolved to use the RMS
so that no major special equipment is required. The other major results
achieved in Part 2 studies are the ability to integrate the deployment of the
pressure bladder and the thermal/meteoroid blanket with the truss structure,

again minimizing the requirements for EVA.
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Figure 22 illustrates the OTV hangar concept developed dviing Part
2. Similar to the Part 1 results, the hangar opens in a clam shell fashion to 4

accommodate the OTV. The overall dimensions of the hangar trues structure are
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FIGURE 22
OTV HANGAR STOWED & DEPLOYED CONFIGURATIONS

23.1m (75.2 ft) in length by 10.1m (33.2 ft) in diameter. A rigid core is
provided in the hangar concept similar to the habitat, The airlock structure,
which docks into the Space Station, is connected to a tunnel structure which,
in turn, mates an adapter which docks with the OTV, A truss beam, which
structurally interfaces the tunnel, provides a support for ingress and egress
of the OTV. Moveable work platforms are also supported off the truss beam.
The work platform floors are also constructed of deployable structure and
stored inside the folded volume. The fclded dimensions of the hangar forward
truss cylinder are 14.5m (47.5 ft) in length by 1.8m (6.0 ft) in diameter, and :
thus occupies only a small portion of the cargo bay. The forward section of

the clam shell and the hinged aft section of the clam shell are stored in the

cargo bay as separate cylinders. The OTV hangar may be operated as a %
pressurized or unpressurized version. The pressurized version with the : F
bladder installed is illustrated in the figure, showing the bladder interface
with the central crre structure in the airlock area. Each bladder half is ‘
provided with a support ring and seal at the clamshell opening on the forward

. E




and aft sections. The folded configuration of the seal ring is shown stored
on the inside of the folded truss structure. The OTV configuration sketched
in the figure is representative of a projected version of a reuseable OTV, and
is one of the larger sizes expected to be used with the hangar. In the aft
portion of the clam shell storage space is provided for such items as spare
ballutes or engines. A platform for storage is also indicated. A second
airlock 1is installed in the aft clam shell, which 1is necessary for an
alternate egress path when the hangar is used in its pressurized version.
Similar to the deployable habitat, the deployable hangar has the bladder and
the external thermal/meteoroid insulation blankets preattached. These deploy
with the structure, However, subsequent to deployment, RMS operation is
necessary to install the airlocks on both the forward and aft ends. A
combination of RMS® and EVA operation is also required to unfeld and install
the bladder seal ring structure. The launch storage concept in the Shuttle
cargo bay makes use of a core canister internal to cylindrical truss
structure, similar to that used with the deployble habitat, The canister
diameter is approximately 1.3m. Part of {its structure is the docking tunnel,
and this diameter is continued through the entire length of the truss. End
plates are provided to support the canister during launch, providing a rigid
backbone for launch loads. Stored inside the canister are the folded work
platforms illustrated by the small circle inside the canister in the figure,
and the folded rail support beams. A rigid docking ring guide ‘s also stored

inside the canister. It should be possible to deliver and erect the hangar in

a single Shuttle flight.

The BADF truss siructure was found to provide the best overall
compatibility with both deployable volumes, and permits integral attachment
and deployment of the external thermal/meteoroid blanket and the pressure

bladaer. Excellent micrometeoroid and debris protection 1is inherently

provided by the blanket/truss/bladder configuration, resulting in a 10-year
probability of no habitat meteoroid penetration of 0.998 for meteoroids and
0.95 to 0.975 for debris (1978 model), depending on whether radiators are

added to the outside diameter. Shielding from space radiation is adequate for
low inclination LEO missions for 180-day crew rotation; additional shielding

can be added as required.
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2.0 GROUND TEST ARTICLE DESIGN

This section presents design requirements, discusses major design

features, and summarizes supporting analyses for the ground test article.
Also inclosed in this section are reduced copies of the design drawings.
2.1 DESIGN REQUIREMENTS

Figure 23 illustrates the ground test article physical shape and

dimenions and interface requirements. Table 2 is a summary of the detail
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FIGURE 23

GROUND TEST ARTICLE DIMENSIONAL AND INTERFACE REQUIREMENTS

requirements for the ground test article design. These were extracted from
Reference 7, which is the specification for the NASA inhouse Single Fold
ground test article design of a representative SASP arm. Based on these
requirements a definition of the utilities bundles for installation in the
structure was derived and is presented in Figure 24, which also includes a
summary of the weight of the utility bundles.
2.2 DESCRIPTION OF DESIGN

A series of 11 layout drawings were defined to describe the gr-und

test article layout design in sufficient detail. These are listed in Table 3
and may be used as a guide to the drawings which are contained in Figures 25

through 35, Figure 25 is also in the nature of a guide in that it is a
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TABLE 2
SUMMARY OF GROUND TEST ARTICLE REQUIREMENTS

ORIGINAL PAGE IS
Launch Packaging CF POOR QUALITY

. Orbiter Cargo Bay, 4.3m (14 Ft) Dia Envelope
Misalignment and Distortion

. Measured between carrier interface and platform arm-to-support module
interface

.Max * 1.0 due to fab tolerances, joint deadband, thermal distortion,
inte:face misalignment

.Max ¢+ 0.1 dynamic Instabllity due to cyclic thermal distortion, environmental
and Induced loads, and deadband

Structural Strength

. Withstand 0.04 g's deployed with two 3636 kg (8000 Ib) payloads due to
manaeuver and reboost

. Test article withstand 1-g horizontal ground deployment or simulated 0-g,
without payloads

. Adequate for application of static and dynamic ground tcst force application,
horizontal or vertical (for measure static defl, load dist,, vibration
characteristics)

. Withstand launch load and vibration environment in compacted form

. Withstand impact loads resulting from payioad instaiiation/removal and
Orbiter barthing

Structural Stiffness

« First mode structural frequency . 0.01 Hz, arm deployed with two 3636 kg
(8000 Ib) payloads

Payload Mechanical Interface

. Orbiter RMS installation and removal of payload carrier

« EVA backup role only

. Automatic latching and initiation of disengagement including utility
connectors (flight article)

« ESA pallet nominal as payload carrier, modified to contain carrier portion
of Interface

Payload Utllities Accommodation

« Separate electrical harness and fluid lines to each of four payload interfaces
. Electrical harness: 4 each 1/0 20 each TSP AWG 24

2 each 8 AWG 4 each RG393/VU Coax

4 each 12 AWG

« Fluid lines: 2 each 1.9 cm (0.75 inch) L.D. lines

Ref: NASA-MEFC Memo EP-13(80-14), 28 Feb. 1980
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DEFINITION OF UTILITIES BUNDLES

TABLE 3
221-60182 LAYOUT DRAWING LIST BADF GRCUND TEST DESIGN

Title
Assy and Interfaces Layout
Longitudinal/Lateral Layout

A Node Layout

B Node Layout

Vertical felescope Layout

Side & Surface Diagonal Layout

Cable Reel Layout

Cable Routing Diagram

Payload Interface Layout

Base Str Interface Layout

Utilities Inst! Thru Nodes

28

Description
Isometric Assy & Guide to Detall L/O shts
Tube with lugs and cover over slot

Fittirg with lugs, sheave bkts, bending
y springs and cover

Fitting with lugs and cover

Double telescope joints with locks and linear
y spring

Sldo & BHD Diag I-beams with air brg bkts &
sheaves. Surf diag with fold Initiate cams

Cable reel design with level wind fair leads
and gear motor drive

Cable routing isometric

Coupler intarface dimensions on 55 node
centeriine. Utility connectors locations

Attachments to base facility

Isometric of A and B node exploded view
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pictorial illustration of the application of various detail layout drawings to
different eiements of the truss. Figure 35, showing the  wutilities
installation through the nodes, is also helpful in seeing the overall design
approach., It shows in an exploded view how the deploy-initiate springs are
integrated into the longitudinal and lateral struts at the node pivots, and
how they encircle and provide protection for the utilities bundles which are
passed through the center of these coil springs.

Figure 26 provides detail information on the lateral and
longitudinal strut design. These struts are fabricated from sfzndard aluminum
tubing. A screwed on cover is provided for installation of the utilities in
the assembled structure, Dual pivot lugs are welded into the ends of the
struts, The materials selection {s 6061-T6 aluminum which {is the same
weldable material used on all elements of the aluminum structure. Figure 27
provides detail on the A node design. The A node is fabricated from welded
plates. Also shown {in the layout is a cable sheave installation and
installation of the pins at the dual pivot lugs. Because press fit roll pins
are used there is no free motion in the pivots. If high production were
required the nodes could be made from castings to minimize fabrication costs.
Figure 28 shows similar information for the B node. Both A and B nodes have
screwed-on covers to provide for installation of the utilities as a complete
harness in the assembled structure. Figure 29 presents detailed information
on the telescoping vertical strut. This strut employs three concentric
standard gage aluminum tubes, An Elgiloy compression spring is contained down
the center of the strut to provide deployment energy. A latch release
mechanism is also detailed on the figure. As indicated on the drawing the
Aramid (Kevlar 29) refold-deploy control cable is terminated in a spring clamp
to control post-tension. Small Teflon balls are installed in holes drilled
into aluminum sleeves located between the concentric tube to provide
friction-free operation and to avoid motion due to the small clearances.
Figure 30 provides information on the diagonal struts which are standard AND
10140-3002 I-beam extrusions for the bulkhead and side diagonals. The surface
diagonals are soclid square aluminum rods. Also indicated are the bulkhead
diagonal base ends showing their position relative to the A nodes, and also

showing the iastallation of the air bearing supports.

29
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" The installation of the cable reel with a representative gear box
! and coupling design is shown in Figure 31. It is on the blukhead diagonsl at
: the truss base, and winds all the cables on one re«l. A level-wind mechanism
* is included to insure reliable and repeatable winding of the cables. A torque
arm on the threaded reel spindle is adjusted to stop the reel when the proper
cable travel 1is obtained for both deploy and refold. In Figure 32 an
isometric drawirg shows the cable routing diagram, Notes on that drawing

provide detail information on rigging the cables. A total of 31 cables are
used which are routed down one side of the truss through the reel hub slot and
back up the other side. The 0.86 mm diameter Kevlar 29 cables have a 90 kg '
breaking strength. This 90 kg is well in excess of the 27 kg maximum which is !
applied in post-tensioning the cables. A slip clamp has been designed and a |
feasibility test run to show that the 27 kg maximum can be controlled in this !
fashion. t

Figure 33 shows the payload interface layout. Autolock couplers
are used on each of the four interfacing nodes at a payload station. Utility
connectors are alsc illustrated on the diagram. The installation procedure is
that first the mechanical coupling is completed, then a special device with an
electrical pull in screw mates the utility connectors. Such a device was
conceptually designed during Part 1 and presented in Ref. (3). For ground
test this criald be carried out manually to avoid development costs for the
device at this time. Figure 34 shows the revisions to the NASA-MSFC base
structure required to interface the BADF ground test article. These revisions
are minor and require adding two load cells as well as some other detail
changes illustrated on the drawing. Table 4 presents the weight summary of a

BADF ground test article. Each item is first listed and are then summed to

TABLE 4
ORIGINAL PAGE IS
= WEIGHT SUMMARY MDF GROUND TEST DESIGN OF POOR QUALITY
Weight/Item | Weight/Cell | Weight/BHD
Itom (Lbs) (Lbs) (Lbs)
' A Node 3.2 o 6.4
® Node 1.0 2.0 2.0
Side Diag 62 124
Surt Ding ! 2.0 12.0
vertical l 2.2 ““ ““
Longitudinel 2.8 e
Lateral 2.8 5 s
Besding Springs 20 40 40
(Ends of Vert)
Compression Springs:
Up Going 2.1 2.1 2.1 10 Coll Truse:
Cown Geing 2.3 2.3 2.3 (10) #1.0 +20.0 (0488 Loa
Utities AN 4 Long a.28/ 19.8
TOTAL® "e 208
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the unit weight per cell and per bulkhead, which is finally summed to the
total weight of the truss. The truss total weight is the sum of the 10 cells
plus one bulkhead and is about 846 1bs.

2.3 STRUCTURAL ANALYSES

Figure 36 shows the two arrangements of the ground test article

that were evaluated for loads as defined in the Requirements Section 2.1. The

po 1 Resulting Loads at Platform
Two 8000 Ib P/L Carrier (Unt. Factor of 1.4 Applied)

Carriers At Bay #10

Arrangement 2:
Shear =~ 448 Ibs

Moment - 380,400 in-ibs
Torsion =~ 104,800 In-ibs

Support One 8000 Ib P/L Carrler at Bay #6
Points and One at Bay #10

FIGURE 36
DEPLOYED TRUSS ARM CONFIGURATIONS ANALYSIS FOR STRESSES
FROM 0.04g ORBIT APPLIED ACCELERATIONS

resulting evaluations provided the shear moments and torsion loads as listed
in the figure . Each element of the structure was evaluated for these loads
with the results that positive margins of safety were obtained in all cases.

Table 5 shows the results of the structural analysis. The minimum margin of

TABLE 5
STRUCTURAL STRENGTH AND STIFFNESS ANALYSIS ORIGINAL PAGE IS
GROUND TEST ARTICLE (FULLY DEPLOYED) OF POOR QUALITY

. Minimum Margins of Safety for Orbit Applied Accelerations are 0.70 In. Side
Diagonal, 0.36 In. Lug Bearing

. Deployment of Arm Under 1.0g Results in a 0.51 Minimum Margin on the Side
Diagonal.

. For the 4.5g Shuttle Emergency Landing Condition, A Margin of 3.76 at
Diagonal was Determined for the Stowed Position.

. Payload and Orbiter Berthing Loads Result in a Minimum Margin of 0.41 at the
Boss Support Plate Weld.

. Bending Stiffness of the Cantilevered Arm with End Payload,
El= 505 x 10’ Nm’ (1.76 x 10" Ib=in? )

. For the Same Condition, the Fundamental Frequency was Calculated at
0.365 Hz.

. Torsional Stiffness, GJ= 9.18 x 10* N.m’ (3.20 x 10" Ib=in? )
42
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safety due to Orbiter flight accelerations was 0.7 in the side diagonal and
0,36 in lug bearing. Other margins are listed for 1l-g operation, Shuttle
emergency landing conditions, and for payload and Orbiter berthing loads. The
bending stiffness was calculated at an EI value of 5,05 x 107 }hz. The
corresponding fundamental frequency is 0,365 Hz. In torsional stiffness a GJ
value of 9.18 x 106 le was calculated.

An analysis was also performed of the stiffness characteristics in
the partially deployed configuration, as this would be significant in a flight
experiment, Figure 37 shows the situation analyzed. The configuration was

with the diagonals at a 45° angle, which is about 702 deployed. A NASTRAN

. Reduction in Stiftness due 1o nodes
for by N St

ORIGINAL PAGE |8

Prop by 10 P
OF POOR QUALITY =
MODEL SIZE \ /T Come el A
. 10 Cells, Length: 389 Inches &4, /
. 44 Concentrated Mass Elements b, . Bar Elements are Free to Rotate
. 239 Structursl Elements / n the 30
. 108 Grid Points

. 822 Degrees of Freedom

FIGURE 37
NASTRAN MODEL OF PARTIALLY DEPLOYED 10-CELL TRUSS

model consisting of 239 structural elements and 106 grid points was
constructed and evaluated. Figure 38 summarizes the results of those
evaluations and pictures the first three modes. Figure 335 defines the
coordinate system used. The first more, Z-axis bending, has a frequency of
0,08 Hz. In Y-axis bending a frequency of 0.25 Hz was obtained. 1In the
extensional direction, mode 3 frequency was found to be 0.36 Hz, The other
frequencies through mode 10 are listed on the figure. Figure 39 also provides
tabular information on stiffness, tip deflection and fundamental frequencies.
Because rather large tip deflections were obtained under Shuttle Orbiter

acceleration of 0,04 g with the aluminum structure, it was assessed
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FIGURE 38
MODES AND FREQUENCIES OF PAC™I.LLY DEPLOYED
GROUND TEST ARTICLE - MASTRAN RESULTS
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RESULTS OF NASTRAN ANALYSIS OF PARTIALLY DEPLOYED TRUSS
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that improvements would be desirable for flight test. Otherwise, a mission

constraint of no thruster firing during the deployment or retraction sequences

would be required. To evaluate options that would be acceptable for flight

test a graphite/epoxy model was constructed. Figure 40 shows the

modifications to the design for analysis of the graphite/epoxy model. The

crossectional area of the diagonals was increased and a change was made to

increase the stiffness of the deployment system., This deployment system

change was important because the length of the Kevlar 29 cables provides low

stiffness in their extensional mode. The improved stiffness deployment system

Changes Made to Aluminum Baseline Model to Increase Stiffness

1. Replace Aluminum with GY-70 Graphite /Epoxy ( + 10 Degree Plles)
. Increase Modulus from 10.5 MSI to 37.7 MSI
. Decrease Density from 0.1 PCI to 0.056 PCI

2. Incorporate Nev, Design with Deploy Motors at B Nodes
. Double Cable Stiffness and Keep It Constant O\ / |
Throughout the Truss ] 2\ &,

. Incressse Mass at B Nodes to Include Motors (A NN

3. Increase Bending Properties of Diagonal Members ¥ kv
. Add 4 0.5 x 0.25 Sections to Existing FBeam - -

-

'l
o naan i stseriivie gl
35; | Area " 12 J
R Property am) | anf | ' | (n)'
o N ’ Ortgnel Bas 128 Aer 004
o W
.‘_ - 1.344 2.87 . 004
e hoa P
' ! | me~ease . . - -

FIGURE 40

COMPOSITE TRUSS NASTRAN MODEL

localizes the drive motor at each B node rather than utilizing a single drive

motor at the base of the truss. The concept was derived in the Deployable

Volumes portion of the study and is presented in Figures 49 and 50 of Section

3.5. Resulting changes to the properties of the truss are also listed in

Figure 40, Figure 39 shows that the frequencies are considerably higher for

this new configuration and the tip deflections are 25 cm or less, which should

be satisfactory for a flight experiment.
2.4 DYNAMIC AND THERMAL DISTORTION ANALYSIS
While the Table 2 Misalignment and Distortion specifications are

interpreted as applying strictly to an actual flight article, since thermal




r distortions within + 0.1° cannot be obtained under severe earth orbital 1

conditions with an aluminum truss, tip deflection characteristics under
dynamic and thermal loadings were calculated in order to bound the expected
behavior of an aluminum structure were it to be flown,

With the maximum payloads arranged as previously shown in Figure
36, and the Table 5 stiffness properties of the BADF truss ground test
article, linear accelerations to produce + 0.1° tip distortions were
calculated. An acceleration of 1.4 x 10-2 g was determined to result in
0.1° distortion under the Arrangement 1 bending loading, while a 2.2 x
1072
Arrangement 2 torsional loading. Maximum maneuver accelerations estimated for |
the Ref. (1) ASASP, for comparison, were estimated to be 1.5 x 1073 g. |

g acceleration is necessary to result in 0.1° distortion under the

Figure 41 shows the results of the thermal distortion analysis.

1

i

H ¥irst, orbital temperature transients were considered. Two thermal coatings ‘
: applied to the truss were evaluated. A thermal coating with approximately

I

equal solar absorptivity and emissivity values of 0.25 (a leafing aluminum

silicone) was ~valuated to have a temperature transient of abou* 22°C as it

! (‘Q'GINAL PAGE 's ::} / .\.. g ONEVER WEATING n-u- OACRORS WA
1 OF POOR QUATY L~ . s +-;——:,_4 |
- - 1.4m - 7 1
= / \\ e - “m. »l ;
! e / \ / .
3 = \/ //’J Resulting tip distortion of 0.3'1e 0.4,
f \ / corresponding to 3.6 cm to 5.8 cm deflection

FIGURE 41
THERMAL DISTORTION OF ALUMINUM TEST ARTICLE UNDER ORBITAL CONDITIONS

transverses an orbit. A tube with an anodized aluminum surface having solar

M e aiiau (e Ml aas i b e oo Lo Laden iodasdi L nbaasiane il ool s o Cdel

absorptivity and emissivity values of 0.42 and 0.84, respectively, was also
analyzed. While the maximum temperatures reached with the anodized aluminum
are lower, the variation from hot to cold orbital conditions is about 33%.

If the opposing struts on the truss were shaded, unequal heating could be
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imposed and thermal distortions would result., With maximum uneven heating of
20° to 30°C. analysis showed the tip of a 14 m long beam (approximately
the length of the test article) would deflect about 0.3° to 0.4° (3.5 to
5.5 cm). This would be a cyclic distrubance and could provide difficulty in
payload pointing. 1f such distortions could not be handled by the payload

pointing system other strategies might be necessary, such as wrapping the
struts in multilayer insulation. A more desirable solution would be
fabrication of the truss from graphite/epoxy.
3.0 DEPLOYABLE VOLUMES CONCEPT DEVELOPMENT

Future missions such as a Space Station will require pressurized

volumes for use as crew quarters, manned laboratories, and transfer tunnels.
In addition, hangars for tasks to be performed on Orbital Transfer Vehicles
(0TV's) and maneuvering vehicles and/or payloads are projected, and may be
pressurized or unpressurized. To minimize launch costs and enable use of
volumes greater than those which can be transported by the Space Shuttle
Orbiter, it is important to consider deployable volumes. During Part 1 of
this study various concepts  were evaluated, and the deployable
truss/inflatable bladder approach was selected as having major potential for
deploying large volumes with deployed/stowed ratios as great as 200:1, Part 2
was initiated to evolve the Part 1 truss/bladder concept for habitat and
hangar modules. Emphasis was placed on buildup and assembly considerations,
where it was desired to maintain the large deployed/stowed volume ratio
achieved in Part 1 while minimizing the use of EVA and the RMS, Other
considerations to be addressed during Part 2 included Orbiter packaging and
launch suitability, compatibility with the Space Station, material suitability
for lonz~term duration in Low Earth Orbit (LEO), and micrometeoroid impacts.
Special considerations for the habitat were crew accommodation, including
pressure maintenance and radiation shielding; equipment accommodation; crew
ingress/egress; design redundance; and heat rejection. Considerations unique
to the OTV hangar included equipment storage for the OTV; servicing/refueling;
ingress/egress of the OTV; and provisions of work platforms, lighting, and
electrical power. 1In addition, it was desired for both applications tu evolve
concepts for integrating the pressure bladder and thermal /meteoroid blanket

with the truss for automatic deployment, and to select the best truss design.
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3.1 MISSION SELECTION

During Part 1 studies the NASA-MSFC Phase III SAMSP conceptual
derign (Ref. 2) was taken as a representative Space Station which could *
veilize the benefits «of deployable volumes for an OTV  hangar,

abitat /experiment modules, and transfer tunnels A similar concept which
could «lso benefit is the Reference 8 Space Operations Center (SOC). In
Figure 42, two other potential missions for the habitat are illustrated. One
is a 20-ft diameter module currently under study (References 2, 9) which could
be transported to orbit in an aft cargo compartment attached to the base of

the Shuttle external tank. This module could be applied a~ either a service
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REPLACE 20-FT AFY CARGO
COMPART SERVICE MODULE
WITH CARGO BAY COMPATIOLE
DEPLOYASLE MOODULE

FIGURE 42
POTENTIAL MISSIONS FOR DEPLOYABLE VOLUMES
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